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(54) Method of punching interlocking parts for stators 

(57) It is an object of the present invention to improve 
the utilisation of material for minimising scrap and thus 
saving material cost and to eliminate the need for return 
punching and reverse punching for improved efficiency 
in punching and improved quality of the parts. 

A plurality of U-shaped parts are punched from a 
hoop plate using a multistage progressive press 
apparatus. Comprising work stations Ato H. On the hoop 
plate P, a pair of U-shaped stators 1, 11 which are to be 
punched are outlined in a face-to-face relationship so 
that one leg portion 1 1 b of one stator 1 1 is inserted in a 
recess 1c of the other stator 1 1 and the visible outlines of 
the stators overlap with each other. Pilot holes 2a, 2b are 
formed in the hoop plate P in process A. The pilot holes 
are set within patterns 7, 8 for partial shape punching. In 
process C, a narrow slit 4 of a predetermined length is 
formed on the line at which the visible outlines of the 
stators 1, 11 overlap with each other. Processes D to F 
perform the punching of partial shapss 5, 6, 8 required 
for obtaining the shape of the part on the hoop plate. 
One stator 1 1 is punched off in process G and a partial 
shape 7 is punched in process H to punch off the stator 1. 
Figure 1. 
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Mg-rann OF PUNCHING PARTS 

The present invention relates to a punching method 
for punching parts shaped such that they can be 
arranged so as to at least partially interlock. In 
5 particular, the present invention relates to a punching 
method for punching U-shaped parts, such as the stator 
used in a two-pole stepping motor for mechanical 
elements in, for example, a crystal clock. 

There are various conventional ways of arranging 

10 blanks to be punched. Methods intended to improve the 
utilisation of material for minimising material cost 
include a scrapless method wherein blanks are arranged 
in adjoining relationship and are cut off from one end; 
a staggered multi-row method wherein blanks to be 

15 punched are staggered in multiple rows; an inclination 
method wherein blanks are arranged at an angle to save 
width, a rotary alternate method wherein blanks are 
arranged by rotating them in a 180-degree arc and are 
returned-punched, and a reverse alternate method 

20 wherein reversed blanks are alternately arranged and 
reverse punching is performed. 

Each of the above-described methods has drawbacks. 
For example, the scrapless method is poor in terms of 
the precision of products; the staggered multi-row 

25 method is not suitable for short materials, and it 

requires complicated metal dies; the inclination method 
imposes many restrictions on the shape of blanks and, 
therefore, has a limited range of application; and the 
rotary alternate method and the reverse alternate 

30 method require return punching and reverse punching, 

respectively, which reduce efficiency and produce burrs 
and sags in opposite directions, deteriorating the 
quality of the parts. 

The present invention therefore seeks to provide a 

35 punching method with improved utilisation of material, 
thereby reducing wastage as much as possible and saving 


material cost, and which eliminates the need for return 
punching and reverse punching, thereby improving the 
efficiency of the punching operation and the quality of 
the parts. 

5 According to one aspect of the present invention 

there is provided a method of punching out blanks, 
..which are shaped such that they can be at least 
partially interlocked such that they have a common 
boundary, from a metal sheet using a progressive press 

10 apparatus, which has transfer means to sequentially 
move the metal sheet through the press to a plurality 
of pressing stages, wherein at each pressing stage the 
progressive press apparatus performs a pressing 
operation to at least partially punch out the blanks. 

15 According to a second aspect of the present 

invention there is provided a method of punching U- 
shaped blanks wherein a plurality of U-shaped blanks 
are punched from a hoop plate using a multistage 
progressive press apparatus characterised in comprising 

20 a combination of processes of: 

a) disposing a pair of blanks corresponding to 
the shape of said parts in a face-to-face relationship 
so that a part of one of the blanks will be inserted in 
a recess of the other blank and the visible outline of 

25 one of the blanks will overlap with the visible outline 
of the other blank; 

b) forming a pilot hole in said hoop plate; 

c) forming a narrow slit in a predetermined 
length along the line at which the visible outline of 

30 one of the blanks overlaps with the visible outline of 
the other blank; 

d) performing partial shape punching of said 
hoop plate required for obtaining the shape of said 
part; and 

35 e) punching out one of said pair of blanks and, 

thereafter, punching out the other blank. 


The pilot hole can advantageously be formed within 
the overall extent of the material used for punching 
out the blanks but outside the extent of the U-shaped 
part, so avoiding leaving an unnecessary hole on the U- 
shaped part. 

While one of the pair of blanks is transferred to 
a further punching station after the other blank has 
been punched out, the blank which is being transferred 
is supported by a support means on the lower surface 
thereof. A stable feed operation is thus effected. 

Alternatively, prior to punching out one of the 
pair of blanks, all the partial punching necessary for 
both blanks may be completed, so that punching out one 
of the pair of blanks will cause the other blank to be 
punched out simultaneously. This is effective in 
reducing the number of process steps. 

For a better understanding of the present 
invention, and to show how it may be brought into 
effect, reference will now be made, by way of example, 
to the accompanying drawings, in which: 

Figure 1 is a plan view of a hoop plate 
illustrating how a hoop plate is processed at each 
process step in the method according to an embodiment 
of the present invention; and 

Figure 2 is a sectional view of a support means. 
An embodiment of the present invention will now be 
described with reference to the drawings. 

In Figure 1, U-shaped stator parts 1 and 11 for a 
small-sized motor are shown as examples of the shape of 
the parts that may be punched using the method of this 
invention. U-shaped stator parts 1 and 11 comprise two 
leg portions lb and lib, respectively, which extend in 
parallel from each end of base portions la and 11a, 
respectively. The gap between the leg portions lb and 
-the gap between the leg portions lib constitute 
recesses lc and 11c, respectively. Recesses lc and 11c 


are equal in width to the leg portions lb, lib. At the 
tips of the leg portions, notches Id and lid, 
respectively, are provided to form magnetic pole 
portions for locating the rotor of the motor. The 
5 cutting outline for a pair of these U-shaped stators is 
arranged in an interlocking manner such that the leg 
portion lib of the stator 11 is formed within the 
recess lc constituting the gap between the leg portions _ 
lb of the other stator 1. Base portions la and' 11a are 
10 positioned on the left side and right sides, 

respectively, as shown in Figure 1. Such a cutting 
arrangement for the blanks makes it possible to perform 
punching of U-shaped stator parts from a hoop plate P 
having a width equal to the length of the leg portion 
15 of the stator part plus twice the width of the base 
portion of the stator part with a minimal amount of 
material wasted. To form a stator for a motor a 
magnetic material such as a silicon steel plate or 
permalloy is used as the hoop plate P. 
20 A multistage progressive press apparatus (not 

shown) is used as the punching device. It is equipped 
with a means for transporting the hoop plate P 
progressively in the direction towards the bottom of 
Figure 1. The multistage progressive press apparatus 
25 is equipped with a press device, disposed at each of 
the processing stations A to H, each press device 
comprising a stationary die and a movable die 
corresponding to the shape to be punched. 

In Figure 1, lines which have been punched in a 
30 previous process are indicated by solid lines and lines 
which are to be punched in later processes are 
indicated by two-dot chain lines. Furthermore pieces 
punched out at each of the processing stations A to H 
are indicated by oblique cross-hatching lines. 
35 At a first processing station A, pilot holes 2a, 

2b are punched out of the hoop plate P. The pilot 


holes are guide holes which are used to transport the 
hoop plate P through the multi-stage progressive press 
apparatus, and are set outside the cutting line contour 
of the U-shaped parts. The pilot holes are located 
within patterns 7, 8 to be described later. The pilot 
holes 2a are positioned on the right hand side of the 
hoop plate P (viewed as in Figure 1) at predetermined 
intervals, and the pilot holes 2b are positioned on the 
left hand side of the hoop plate P (viewed as in Figure 
1) at predetermined intervals. 

At a second processing station B, circular holes 3 
are punched through the hoop plate P at the tip of each 
of the leg portions lb, lib. Circular holes 3 
constitute support holes for supporting the stators. 

At a third processing station C, patterns 4a 
indicated by the oblique lines in Figure 1 are punched 
out on the line along which the stators 1 and 11 
overlap with each other to form narrow slits 4 of a 
predetermined length. This pre-punching of patterns 4 
reduces as much as possible the shearing stress 
produced when the stators are finally punched off. A 
large shearing stress is undesirable because it will 
cause transformation of the material, thus 
deteriorating the precision of the parts. Therefore, 
for parts which must be especially precise, it is 
desirable to reduce the punching resistance. The 
positions in which the slits 4 are formed are selected 
such that there is no adverse effect on the positional 
accuracy of punching when the notches Id, lid for 
rotors are punched, as is described later. 

A fourth processing station D is designed to cover 
three pairs of stator parts at one time, and performs 
the punching of patterns 5 indicated by oblique lines 
forming notches Id, lid in positions separated from 
each other by one pair of stator parts. High precision 
is required for the punching of patterns 5 because this 


operation constitutes the formation of the magnetic 
pole portions which are the hearts of the stators. 
Since the patterns 5 are punched in conditions 
equivalent to those in all punching operations using 
5 the press apparatus, no unevenness occurs in the 

striking force of the press die and, therefore, it is 
possible to achieve high positional accuracy. The 
formation of pre-punched notches also acts to reduce 
the shearing stress when the stators are finally 

10 punched off. 

A fifth processing station E is designed to cover 
two pairs of stator parts at one time and performs the 
punching out of patterns 6 indicated by the oblique 
lines, to achieve the partial punching of the tips of 
15 the leg portions lb, lb 1 , lib, lib' located on the 
opposite sides of each pair. 

A sixth processing station F performs the punching 
out of patterns 8 for partial punching between the base 
portions 11a and 11a of adjoining stators 11 on one 
side, e.g., the right hand side as viewed in Figure 1 
of the hoop plate P. Pilot holes 2b punched by the 
first processing station A in the right hand side 
pattern 8 are also punched out at this station. 
However, since patterns 7 for the left hand side pilot 
holes 2a are not punched out yet, the hoop plate P can 
be transported to the next station using the left hand 
side pilot holes 2a. 

A seventh processing station G performs the 
punching of the remaining outline of the stators 11 
having base portions 11a located on the right hand side 
as viewed in Figure 1, and the stators 11 are received 
by a parts receiver through a chute (not shown). 

This final punching of the remaining outline of 
the stators 11 causes the outline of the stators 1 
35 having base portions la located on the left hand side 
to be punched out as well, except for the pattern 7 on 


20 


25 


30 
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the hand left side wherein the pilot holes 2a are 
9 formed- Since the patterns 7 keep the stators 1 

contiguous, the stators 1 are transported to the next 
station using the left hand side pilot holes 2a. 
5 The tip of the leg portion lb of each stator 1 can 

now be regarded as the free end of a cantilever. In 
order to obtain stable support for the stator, a 
support means 9 (shown in Figure 2) is provided. 
Specifically, a long support plate 9a is disposed in 

10 the transporting direction so that it extends 

substantially across the middle of the leg portions lb 
in contact with the lower surfaces of the stators 1. 
The support plate 9a is secured to the upper end of a 
shaft 9b which extends through a die 10 of the press 

15 apparatus, the lower end of the shaft 9b being received 
by a spring 9c. Therefore, the support plate 9a is 
always urged upward by a spring force and can move up 
and down in accordance with the punching operation. 
An eighth processing station H performs the 

20 punching out of the patterns 7 between the adjoining 
base portions la located on the left hand side as 
viewed in Figure 1. As a result, the stators 1 are 
punched out and are received by a parts receiver 
through a chute (not shown). 

25 The punching out of the stators 1 and 11 is now 

complete. 

The order of the punching of the pilot holes, 
circular holes, slits, partial shapes, visible outlines 
and the like is not limited to the punching order at 

30 the processing stations as described above, but can be 
appropriately combined. Further, the present invention 
is not limited as to how many pairs of stators are 
covered by the width of each station. 

Further, in the above-described example, the 

35 pattern 7 located on the left side is punched out last, 
so that one stator 1 of a pair of stators is punched 
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out after the other stator 11 is punched out. HdWeVer, 
the present invention is not limited thereto, and the 
pattern 7 located on the left hand side may be punched 
out before the stator 11 is punched out so that the 
5 other stator 1 is punched out simultaneously with the 
punching out of the stator 11. 

The positions of the pilot holes are not limited 
to those set within the patterns for partial punching 
described herein, but may be set in appropriate places. 
10 As described above, according to the method of 

punching U-shaped parts of the present invention, a 
part of one blank is inserted in a recess of the other 
blank so that the visible outlines of the blanks will 
overlap with each other. This prevents waste of 
15 material, improving the utilisation of material, 

reducing material costi and thus allowing a reduction 
in the costs of the parts. The punching of the pilot 
holes, the punching of the narrow slits, the partial 
shape punching, and punching out of the blanks are 
20 performed with a multistage progressive press apparatus 
without the need for return punching and reverse 
punching. This allows efficient processing and 
provides uniform quality because the punching 
operations are performed in the same direction. In 
25 addition, the shearing stress at the final punching out 
of the blanks is reduced in order to improve the 
precision of the parts. 

Positioning the pilot holes within the pattern for 
partial shape punching eliminates unnecessary holes in 
30 the parts and the waste of the material which otherwise 
occurs when they are provided in positions other than 
in the material used to make the parts. 

One of the blanks can be stably transported even 
after the other blank is punched out by supporting it 
35 with the support means. 

By punching out a pair of blanks simultaneously, 
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the number of process steps can be reduced and 
r processing time can be shortened. 
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CIAIMS 

1. A method of punching out blanks, which are 
shaped such that they can be at least partially 
interlocked such that they have a common boundary, from 
a metal sheet using a progressive press apparatus, 
which has transfer means to sequentially move the metal 
sheet through the press to a plurality of pressing 
stages, wherein at each pressing stage the progressive 
press apparatus performs a pressing operation to at 
least partially punch out the blanks. 

2. A method of punching our blanks as claimed in 
claim 1 wherein at at least one pressing stage a narrow 
slit is pressed in a predetermined length of the common 
boundary of two adjacent blanks. 

3. A method of punching out blanks as claimed in 
any preceding claim wherein at each pressing stage the 
progressive press apparatus operates in the same 
direction. 

4. A method of punching out blanks as claimed in 
any preceding claim wherein the transfer means 
interacts with a pilot hole punched out of the metal 
sheet by the progressive press apparatus in an initial 
step. 

5. A method of punching U-shaped blanks wherein 
a plurality of U-shaped blanks are punched from a hoop 
plate using a multistage progressive press apparatus 
characterised in comprising a combination of processes 
of: 

a) disposing a pair of blanks corresponding to 
the shape of said parts in a face-to-face relationship 
so that a part of one of the blanks will be inserted in 
a recess of the other blank and the visible outline of 
one of the blanks will overlap with the visible outline 
of the other blank; 

b) forming a pilot hole in said hoop plate; 

c) forming a narrow slit in a predetermined 
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length along the line at which the visible outline of 
one of the blanks overlaps with the visible outline of 

the other blank; 

d) performing partial shape punching of said 
hoop plate required for obtaining the shape of said 
part; and 

e) punching out one of said pair of blanks and, 
thereafter, punching out the other blank. 

6. A method of punching blanks according to 
claim 4 or 5 characterised in that the position in 
which said pilot hole is formed is set within the 
pattern of a partial punching. 

7. A method of punching blanks according to any 
preceding claim characterised in that when one of said 
pair of blanks is transferred to a punching station for 
it after the other blank is punched out, said one of 
the blanks is supported by a support means on the lower 

surface thereof. 

8. A method of punching blanks according to one 
of claims 1-6 characterised in that prior to punching 
out one of a pair of blanks, all the partial shape 
punching corresponding to the both blanks are 
completed, so that punching out one of said pair of 
blanks will cause the other blank to be punched out 

simultaneously . 

9. A method of punching blanks substantially as 
herein described with reference to the accompanying 
drawings . 
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